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Abstract

Background. During the COVID-19 pandemic, excess all-cause mortality has been reported in
Peru, but it has not been documented how excess mortality varies across population subgroups.
In this study, we estimated the excess all-causes deaths and excess death rates during the
COVID-19 pandemic in 25 Peruvian regions, stratified by sex and age groups.

Methods. Using the official mortality data set released by the Sistema Informatico Nacional de
Defunciones (SINADEF) at the Ministry of Health of Peru, we calculated the excess all-cause
deaths and excess death rates. We compared the deaths observed in 2020 with the deaths
expected (2017-2019) from epidemiological weeks 1 to 52. The odds ratios (OR) for excess all-
cause mortality were estimated according to sex, age, and department and summarized with a
random effects meta-analysis.

Results. In the period between January and December 2020, we estimated an excess of 68,608
(117%) deaths in men and 34,742 (69%) deaths in women, corresponding to an excess death
rate of 411 per 100,000 men and 201 per 100,000 women compared to the expected mortality
rates. The number of excess deaths increased with age and was higher in men aged 60—69 years
(217%) compared with women (121%). Men between the ages of 40 and 79 years experienced
twice the rate of excess deaths compared with the rate expected. In eight regions, the excess
deaths were higher than 100% in men, and in seven departments the excess deaths were higher
than 70% in women. Men in five regions and women in one region had two times increased
odds of excess death than the expected mortality. There were differences in excess mortality
according to the temporal distribution by epidemiological week.

Conclusion. Approximately one hundred thousand excess all-cause deaths occurred in 2020 in
Peru. The age-stratified excess death rates were higher in men than in women. There were
strong excesses in geographical and temporal mortality patterns according to region.

Keywords: excess mortality; sex; mortality rate; COVID-19; Peru
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Strengths and limitations of this study

While there have been numerous studies on excess all-cause deaths and COVID-19 in
high-income countries, there are gaps in the epidemiological data on excess deaths in
many low- and middle-income countries of Latin America, including Peru.

Males had a greater number of excess deaths and higher excess death rates (per
100,000) than females across all age groups. Men and women in the 60—69 years age
group had two times increased odds of excess mortality in 2020 compared to the
expected mortality.

There were strong excesses in geographical and temporal mortality patterns, and some
regions showed staggering increases to rates of 500% in men.

The main strength of our study was the large number of deaths included (127,000 all-
cause deaths) for estimating the excess mortality.

We present the results of a retrospective analysis and so we are not able to comment on
causality in COVID-19 mortality.
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Introduction

Following the outbreak of COVID-19 in China in 2019, SARS-CoV-2 spread rapidly
worldwide.! During the following weeks, there was a rapidly increase in the incidence and
mortality rates of COVID-19 in European countries, the USA, and Latin American countries.?
Previous studies on excess deaths (the gap between observed and expected deaths) during the
COVID-19 pandemic have found that COVID-19-related deaths and deaths from other diseases
increased along with age and were higher in men 60 years of age and older compared with
women.>-'® More recently, the assessment of the direct and indirect effects of the COVID-19
pandemic on mortality has revealed that approximately one million excess deaths occurred in
2020 in 29 high-income countries. Additionally, these excess death rates were higher in men
than in women in almost all countries.!!

Peru is one of the countries that has been worst affected by the COVID-19 pandemic.
The first cases in Peru were reported in March 2020. During the following weeks, rapidly
increasing numbers of cases and fatalities were observed across many Peru departments. By the
end of December 2020, about 1.0 million confirmed COVID-19 cases and more than 90,000
deaths had been officially reported.'? In Peru, data on excess all-cause deaths have been
reported, but analyses have not accounted for age and sex standardization. From 29 March 2020
(week 14), a significant rate of excess deaths in comparison with the expected deaths based on
the figures from 2017 to 2019 has been observed at the national level, with this rate reaching the
highest level in week 32 and then decreasing.!? This increase in all-cause deaths is concomitant
with the COVID-19 pandemic, as it has previously been shown that COVID-19 mortality rates
increase with age and are high in men aged 60 years and over.!4!5 Despite these findings, to
date, the excess mortality stratified by sex, age, and region is not known at the national level.
The assessment of the impact of the COVID-19 pandemic on mortality in Peru should include
the analysis of both the direct effect of the pandemic on deaths caused by COVID-19 and the
indirect effect of the pandemic on deaths unrelated to COVID-19, since patients with chronic
conditions may have been turned away from the health care system because of concerns relating
to COVID-19 infection and social and economic changes.

In this study, we estimate the excess all-cause deaths and the excess death rate during
the first year of the COVID-19 pandemic in 25 Peruvian regions, stratified by sex, age, group,
and epidemiological week.

Methods
Data collection

We performed an observational retrospective study using weekly death data from the
Sistema Informatico Nacional de Defunciones (SINADEF) at the Ministry of Health of Peru.'®
We used deaths registers for 25 Peruvian regions from the 01 January through to 31 December
2020 (1-52 epidemiological weeks) and the preceding 3 years (2017-2019).

SINADEEF is a computer application. It registers data on deaths, generates death
certificates, and creates a statistical report; it includes fetal deaths and the deaths of unidentified
persons.'® Open access data includes information stratified by age/sex, the basic cause of death,
the year, the International Classification of Diseases 10th Revision (ICD-10), and the
geographic distribution. Other information is not available in SINADEF. All-cause deaths
where the underlying cause was known were available, with information on region, age group
(0-29, 30-39, 4049, 50-59, 60—69, 70—79, and 80 and over), and sex included. Records where
the place of residence, age, sex, or year was missing were excluded. Underlying cause of death
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was obtained from the death certificate and by using ICD-10. The underlying cause of death is
defined by the WHO as the disease or injury that initiated the series of events that led directly to
death, or the circumstances of the accident or violence that produced the fatal injury. This
condition may be the main reason for or a reason contributing to the event of death.

Patient and public involvement

We used publicly available death statistics, therefore, there was no direct patient or
public involvement.

Ethics statements

This study does not involve human participants. Weekly death data were obtained of
SINADEF. In SINADEF, all open access data are fully anonymous and are published as part of
routine surveillance (https://www.datosabiertos.gob.pe/dataset/informaci%C3%B3n-de-
fallecidos-del-sistema-inform%C3 %A 1tico-nacional-de-defunciones-sinadef-ministerio).
Therefore, this study was exempt from review by an ethics board.

Excess mortality analysis

We estimated the excess deaths and the excess death rates according to sex and age, as
well as in each region by sex. The excess death rate was calculated using the difference between
the deaths observed in 2020 and the deaths expected based on data from the years 2017-2019.
The proportion of excess deaths was computed as [(Observed deaths/Expected deaths)-
11*100%. Mortality rates per 100,000 inhabitants for both sexes were also calculated by
dividing the number of deaths per region, standardized by the estimated population of each
region. We calculated the observed mortality rate for the years 2017 to 2019 and the mortality
rate expected in 2020 for both sexes according to age and region. The excess death rate was
calculated using the difference between the mortality rate observed in 2020 and the mortality
rate expected based on the years 2017-2019. Population counts used for calculating the
mortality rates were obtained from INEI of Peru.'® In addition, odds ratios (ORs) with 95%
confidence intervals (Cls) for mortality observed vs. mortality expected according to sex were
estimated separately for each age stratum and region. These results were summarized in a
random-effects meta-analysis with individual reports weighted using the weights indicated. The
Mantel-Haenszel methods were used to calculate the random effects estimates. P<0.05 was
considered statistically significant. The meta-analysis was performed in RevMan 5, Cochrane.

Results
Excess death and excess death rates by sex and age

Between January 1, 2020, and December 31, 2020, a total of 127,000 all-cause deaths
(MR 784 deaths per 100,000 men) were reported in men. In comparison with the expected
58,392 deaths (MR 373 per 100,000 men), the number of excess deaths during the same period
was 68,608 (117%), and the excess death rate was 411 deaths per 100,000 men. During the
same period, a total of 85,240 (MR, 519 deaths per 100,000 men) all-cause deaths were reported
in women. In comparison with the expected 50,498 deaths (MR, 317 deaths per 100,000
women), the number of excess deaths during the same period was 34,742 (69%), and the excess
death rate was 201 deaths per 100,000 women.

The number of excess deaths increased with age and was higher in men aged 60—69
years (217%) compared with women (121%) (Figure 1A). The all-cause mortality rate in
relation to the expected death rate increased with age and was higher in individuals aged 80
years or more in both sexes (Figure 1B). In addition, the increase in the all-cause mortality rate
was more than twice as high in men compared with that in women.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.datosabiertos.gob.pe/dataset/informaci%C3%B3n-de-fallecidos-del-sistema-inform%C3%A1tico-nacional-de-defunciones-sinadef-ministerio
https://www.datosabiertos.gob.pe/dataset/informaci%C3%B3n-de-fallecidos-del-sistema-inform%C3%A1tico-nacional-de-defunciones-sinadef-ministerio

Page 7 of 24

oNOYTULT D WN =

BMJ Open

ORs for excess death rates stratified by sex and age

In Figure 2, our meta-analysis shows a continuous age-dependent increase in the
number of excess deaths in men and women. Overall, men and women had 1.92 (95% CI, 1.49—
2.48) and 1.57 (95% CI, 1.33—1.84) times increased odds of excess mortality compared to the
expected mortality, respectively. Men in the 40—79 years age group had a two times higher odds
of excess mortality. Men in the 60—69 years age group had a 2.95 (95% CI, 2.87-3.02) times
increased odds of excess mortality, while women had a 2.05 (95% CI, 1.99-2.11) times
increased odds (Figure 2A,B).

Excess death and excess death rates by sex and regions

The excess all-cause death rate relative to the expected death rate varied between
regions. For men, the excess death rate varied from 34% in Cusco to 199% in Lima, while for
women, it varied from 7% in Tacna and 125% in Lima. The five regions with the highest excess
death rates in men were Lima (199%), Callao (143%), Piura (137%), Moquegua (129%), and
Arequipa (123%); the five regions with the highest excess deaths in women were Lima (125%),
Callao (94%), Paso (91%), Tumbes (83%), and Piura (78%) (Figure 3A). The highest excess
death rates in men (per 100,000 men) and women (per 100,000 women) occurred in Lima,
Callao, Moquegua, Arequipa, Ica, and Tumbes (Figure 3B).

ORs for excess death rates stratified by sex and regions

In Figure 4, our meta-analysis shows a continuous increase in the rate of excess deaths
in men and women. Men in Lima, Callao, Piura, Arequipa, Loreto, Tumbes, and Moquegua had
two times increased odds of excess mortality compared to the expected mortality (Figure 4A),
while only in Lima did women have a 2.16 (95% CI, 2.12-2.21) times increased odds of excess
mortality compared to the expected mortality (Figure 4B).

Temporal distribution of excess deaths by sex and region

Figure 5 shows that the rates of excess deaths increased at the beginning of March and reached a
peak at the end of the months of May and August. Some regions showed staggering increases,
with rates of excess deaths reaching 500% in men in Loreto in week 18. The rates of excess
deaths decreased by week 52 (Figure 6).

Discussion

During the COVID-19 pandemic. Peru experienced one of the highest excess all-cause
mortality rates in the world, along with Bulgaria, North Macedonia, and Serbia.!” Excess all-
cause mortality is recognized as a robust and comparable indicator of mortality associated with
the COVID-19 pandemic.'® Some countries have reported that approximately two thirds of their
excess deaths were reported as COVID-19-related deaths.!® However, in countries such as Peru,
where the effects of the pandemic have exceeded the reporting systems for mortality related to
COVID-19, the measurement of excess mortality can help guide public health decisions and
actions.
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According to our analysis, men in Peru had an excess mortality rate almost double that
of women, This differs from the data reported in most industrialized and high-income countries
where no great difference is evident. For example, the excess mortality in Peruvian men (117%)
was double that reported for England and Wales (63%), which, together with Spain, were the
countries that experienced the highest excess mortality in Europe (18); this is also higher than
the rate reported in other countries of the American continent, such as Mexico (51%) and Brazil
(61%).82! Excess mortality in men is likely related to the COVID-19 pandemic, as SARS-CoV-
2 has a greater transmissibility in men, which is due mainly to their social and cultural
behaviors. It has also been proposed that women have a better protective factor immune
response due to their higher number of B lymphocytes and the higher intensity of their
inflammatory response against viral diseases.?>?3

As in Peru, other countries have also shown a reduction in mortality, or avoided
mortality, in younger age groups.?* This due to the lower number of unintentional injuries
occurring due to COVID-19 containment measures, such as occupational or automobile
accidents, the latter being the main cause of years of life lost due to premature death.?
However, excess mortality occurred in a wider range of age groups for men (40-79 years old);
this may be related to the high prevalence of chronic diseases in adult men, which increases the
likelihood of death due to COVID-19.26:27

The excess mortality seen in Peru had an asynchronous temporal and geographical
distribution. However, men were found to be twice as likely to die in more regions than women
were. Regions along the coast (Lima, Callao, Piura, Tumbes), in the Andes (Arequipa,
Moquegua), and in the Amazon (Loreto) have large cities with high levels of commercial,
migratory, and tourist exchange. In contrast, the regions of the Andes located at higher altitudes
had lower mortality rates. This has been related to the physiological adaptation of this
population to a hypoxic environment, which may have protected them from severe impacts of
the acute infection caused by SARS-CoV-2; in addition, these areas have a lower prevalence of
diabetes, obesity, and hypertension.?® Therefore, the excess all-cause deaths are likely to be a
direct effect of the COVID-19 pandemic. These characteristics, together with the low
compliance with social distancing measures, the closure of economic activities during the
pandemic, the entry of new variants of SARS-CoV-2 with a greater transmissibility, the
difficulty of early diagnosis, the collapse of hospitals, and the shortage of medical oxygen could
explain the higher excess mortality in Peru.?3° The changes in population (male and female)
behavior brought about by lockdown measures could also have had effects on excess deaths and
the mortality rate. Finally, during the country-wide lockdown implemented in Peru, access to
healthcare was limited and many medical procedures were delayed. Therefore, the effects of the
lockdown may be another explanation for the excess number of deaths and excess death rate.

Our study has several important limitations. First, although SINADEF is an official
database, there may have been delays in its registration of deaths. Therefore, the number of
excess all-cause deaths registered might have been underestimated. Second, despite the fact that
there are complex models for calculating excess all-cause deaths, we used a simple model for
our analysis. Despite this, our findings in numerical terms are similar to those of MINSA of
Peru. Finally, although it would be ideal to wait until the COVID-19 pandemic is over to
analyze the mortality data, there is a need for more studies to be carried out on excess deaths in
men and women, so this study is warranted.

Conclusion

Approximately one hundred thousand excess deaths occurred in men and women during the
COVID-19 pandemic in Peru. The age-stratified excess death rates were higher in men than in
women, and men between the ages of 40 and 79 years experienced twice the rate of excess
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3 deaths compared with the rate expected. Strong excesses in geographical and temporal mortality
4 patterns by region were found in both men and women. These findings reveal the impact of the
Z COVID-19 pandemic on all-cause mortality up to the point where vaccination against SARS-
7 CoV- 2 started to become available in Peru.
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Figure 1. Excess numbers of deaths (A) and excess death rates (B) in men and women in Peru
stratified by age.

Figure 2. ORs for excess death rates stratified by age in men (A) and women (B) in Peru.

Figure 3. Observed, expected, and excess death (A) and excess death rates (B) stratified by
region in men and women in Peru.

Figure 4. ORs for excess death rates according to region in men (A) and women (B) in Peru.

Figure 5. Temporal distribution of excess deaths (%) in men and women in Peru.

Figure 6. Temporal distribution of excess deaths according to region in men (A) and women
(B) in Peru.
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Figure 1. Excess numbers of deaths (A) and excess death rates (B) in men and women in Peru stratified by
age.
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g; Figure 2. ORs for excess death rates stratified by age in men (A) and women (B) in Peru.
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Figure 3. Observed, expected, and excess death (A) and excess death rates (B) stratified by region in men

and women in Peru.
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30 Tacna 668 182822 626 175653  3.9% 1.03[0.92,1.14] +
Apurimac 1041 210366 724 208854  4.0% 1.43[1.30, 1.57] -

31 Ucayali 1196 281514 726 266976  4.0% 156[1.43,1.72] -
Ayacucho 1116 326262 882 322858  4.0% 1.25[1.15,1.37] -

32 Huancavelica 1129 181196 928 187225  4.0% 1.26[1.15, 1.37] -
Loreto 1678 496559 947 483076  4.0% 1.73[159,1.87] -

33 San Martin 1621 425190 1124 408504  4.0% 1.39[1.29,1.50] -

34 Huanuco 1798 375922 1412 374502 4.0% 1.27[1.18,1.36] -
Lambayeque 1801 672557 1691 652268  4.1% 1.03[0.97, 1.10] b

35 Cajamarca 2162 726446 1576 718755  4.1% 1.35[1.27, 1.44] -
Ica 3114 486346 1992 481257  4.1% 1.49[1.40,1.57] -

36 Callao 3752 579808 1936 554381 4.1% 1.86[1.76 , 1.96] -
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measurement details of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than
one group
Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 5
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Quantitative variables

11

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were
chosen and why

Statistical methods

Continued on next page

12

(a) Describe all statistical methods, including those used to
control for confounding

(b) Describe any methods used to examine subgroups and
interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-
up was addressed

Case-control study—If applicable, explain how matching of
cases and controls was addressed

Cross-sectional study—If applicable, describe analytical
methods taking account of sampling strategy

NA

(e) Describe any sensitivity analyses
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Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg 5
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 5
(c) Consider use of a flow diagram 5
Descriptive 14* (a) Give characteristics of study participants (eg demographic, 5
data clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each 5
variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total NA
amount)
Outcome data  15* Cohort study—Report numbers of outcome events or summary NA
measures over time
Case-control study—Report numbers in each exposure category, or NA
summary measures of exposure
Cross-sectional study—Report numbers of outcome events or NA
summary measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted | 6
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were 6
categorized
(c) If relevant, consider translating estimates of relative risk into 6
absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and 6
interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 6
Limitations 19 Discuss limitations of the study, taking into account sources of 7
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 7
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 7

Other information
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Funding 22  Give the source of funding and the role of the funders for the present | 8
study and, if applicable, for the original study on which the present
article is based
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*Give information separately for cases and controls in case-control studies and, if applicable, for exposed

10 and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in

15 conjunction with this article (freely available on the Web sites of PLoS Medicine at

16 http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology
at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-

19 statement.org.
20 NA: Not available
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Abstract

Background. In this study, we estimated the excess all-causes deaths and excess death rates
during the COVID-19 pandemic in 25 Peruvian regions, stratified by sex and age groups.

Design. Time series analysis.
Setting. 25 Peruvian regions with complete mortality data.

Participants. Annual all cause official mortality data set from the Sistema Informatico Nacional
de Defunciones (SINADEF) at the Ministry of Health of Peru for 2017-20, disaggregated by age
and sex.

Main outcome measures. Excess deaths and the excess death rates (observed deaths vs.
expected deaths) in 2020, by sex and age (0-29, 30-39, 40-49, 50-59, 60-69, 70-79 and >80
years), estimated using P-score. The odds ratios (OR) for excess mortality were summarized
with a random effects meta-analysis.

Results. In the period between January and December 2020, we estimated an excess of 68,608
(117%) deaths in men and 34,742 (69%) deaths in women, corresponding to an excess death
rate of 424 per 100,000 men and 211 per 100,000 women compared to the expected mortality
rates. The number of excess deaths increased with age and was higher in men aged 60—69 years
(217%) compared with women (121%). Men between the ages of 40 and 79 years experienced
twice the rate of excess deaths compared with the rate expected. In eight regions, the excess
deaths were higher than 100% in men, and in seven regions the excess deaths were higher than
70% in women. Men in eight regions and women in one region had two times increased odds of
excess death than the expected mortality. There were differences in excess mortality according
to the temporal distribution by epidemiological week.

Conclusion. Approximately one hundred thousand excess all-cause deaths occurred in 2020 in
Peru. The age-stratified excess death rates were higher in men than in women. There were
strong excesses in geographical and temporal mortality patterns according to region.

Keywords: excess mortality; sex; mortality rate; COVID-19; Peru
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Strengths and limitations of this study

The main strength of our study was the large number of deaths included (302,177 in
men and 236,733 in women) for estimating the excess all-cause deaths.

Although our statistical analysis was based in P-score, our estimates of excess all-cause
deaths are similar to those previously developed using more sophisticated statistical
analyses.

The simplicity in the analysis of excess mortality allows improving the opportunity to
use the findings in epidemiological surveillance and their interpretation by those
responsible for the formulation of public policies and health authorities at different
levels.

Although SINADEF is an official database, there may have been delays in its
registration due to a lack of notification of non-hospital or manually registered deaths.
We present the results of a descriptive analysis and so we are not able to comment on
causality in excess deaths.
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Introduction

Following the outbreak of COVID-19 in China in 2019, SARS-CoV-2 spread rapidly
worldwide.! During the following weeks, there was a rapidly increase in the incidence and
mortality rates of COVID-19 in European countries, the USA, and Latin American countries.?
Previous studies on excess deaths (the gap between observed and expected deaths) during the
COVID-19 pandemic have found that COVID-19-related deaths and deaths from other diseases
increased along with age and were higher in men 60 years of age and older compared with
women.>-'® More recently, the assessment of the direct and indirect effects of the COVID-19
pandemic on mortality has revealed that approximately one million excess deaths occurred in
2020 in 29 high-income countries. Additionally, these excess death rates were higher in men
than in women in almost all countries.!!

Peru is one of the countries that has been worst affected by the COVID-19 pandemic.
The first cases in Peru were reported in March 2020. During the following weeks, rapidly
increasing numbers of cases and fatalities were observed across many Peru regions. By the end
of December 2020, about 1.0 million confirmed COVID-19 cases and more than 90,000 deaths
had been officially reported.'? In Peru, data on excess all-cause deaths have been reported, but
analyses have not accounted for age and sex standardization. From 29 March 2020 (week 14), a
significant rate of excess deaths in comparison with the expected deaths based on the figures
from 2017 to 2019 has been observed at the national level, with this rate reaching the highest
level in week 32 and then decreasing.!3 This increase in all-cause deaths is concomitant with the
COVID-19 pandemic, as it has previously been shown that COVID-19 mortality rates increase
with age and are high in men aged 60 years and over.'*!> Despite these findings, to date, the
excess mortality stratified by sex, age, and region is not known at the national level. The
assessment of the impact of the COVID-19 pandemic on mortality in Peru should include the
analysis of both the direct effect of the pandemic on deaths caused by COVID-19 and the
indirect effect of the pandemic on deaths unrelated to COVID-19, since patients with chronic
conditions may have been turned away from the health care system because of concerns relating
to COVID-19 infection and social and economic changes.

In this study, we estimate the excess all-cause deaths and the excess death rate during
the first year of the COVID-19 pandemic in 25 Peruvian regions, stratified by sex, age, group,
and epidemiological week.

Methods
Study design

We performed an ecological study following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guidelines.'® This study is a time
series analysis of annual data on all-cause mortality obtained from 25 Peruvian regions official,
valid, and complete mortality data between 2017 and 2020 disaggregated by age and sex. The
Peruvian regions are first-level administrative divisions of the country.

Data collection

We using weekly death data from the Sistema Informatico Nacional de Defunciones
(SINADEF) at the Ministry of Health of Peru.!” The source data (SINADEF) are in Spanish
language. We used deaths registers for 25 Peruvian regions from the 01 January through to 31
December 2020 (1-52 epidemiological weeks) and the preceding 3 years (2017-2019). We
converted daily data into ISO weeks. SINADEEF is a computer application. It registers data on
deaths, generates death certificates, and creates a statistical report; it includes fetal deaths and
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the deaths of unidentified persons.!” Open access data includes information stratified by age/sex,
the basic cause of death, the year, the International Classification of Diseases 10th Revision
(ICD-10), and the geographic distribution. Other information is not available in SINADEF. All-
cause deaths where the underlying cause was known were available, with information on region,
age group (0-29, 30-39, 4049, 50-59, 60—69, 70—79, and 80 and over), and sex included.
Records where the place of residence, age, sex, or year was missing were excluded.

Patient and public involvement

We used publicly available death statistics, therefore, there was no direct patient or
public involvement.

Ethics statements

This study does not involve human participants. Weekly death data were obtained of
SINADEF. In SINADEF, all open access data are fully anonymous and are published as part of
routine surveillance (https://www.datosabiertos.gob.pe/dataset/informaci%C3%B3n-de-
fallecidos-del-sistema-inform%C3 %A 1tico-nacional-de-defunciones-sinadef-ministerio).
Therefore, this study was exempt from review by an ethics board.

Excess mortality analysis

We estimated the excess deaths and the excess death rates (per 100,000 inhabitants)
according to sex and age, as well as in each region by sex. To make comparisons with other
countries, we measure excess mortality using P-score [(Observed deaths—Expected
deaths)/Expected deaths*100%],? i.e., the percentage difference between the observed (weekly
or monthly deaths in 2020) and expected number of deaths in 2020 (the average number of
deaths in the same period over the years 2017-2019) by sex, age, region and epidemiological
week. Mortality rates per 100,000 inhabitants for both sexes were also calculated by dividing
the number of deaths per region, standardized by the estimated population of each region. We
calculated the expected mortality rate for the year 2020 (the average number of deaths in the
same period over the years 2017-2019) and the mortality rate observed in 2020 for both sexes
according to age and region (per 100,000 inhabitants). The excess death rate was calculated
using the difference between the mortality rate observed in 2020 and the mortality rate expected
in 2020 (based on the years 2017-2019). Population counts used for calculating the mortality
rates were obtained from projections from Peru’s National Institute of Statistics and Informatic
(INEL, in Spanish).!® In addition, odds ratios (ORs) with 95% confidence intervals (CIs) for
mortality observed vs. mortality expected according to sex were estimated separately for each
age stratum and region. These results were summarized in a random-effects meta-analysis with
individual reports weighted using the weights indicated. The Mantel-Haenszel methods were
used to calculate the random effects estimates. P<0.05 was considered statistically significant.
The meta-analysis was performed in RevMan 5, Cochrane.

Results

From January 1, 2017, to December 31, 2020, a total of 540,802 all-cause deaths
occurred in Peru. Of these deaths, we included a total of 302,177 and 236,733 deaths in men and
women, respectively (Figure 1).

Excess death and excess death rates by sex and age

Between January 1, 2020, and December 31, 2020, a total of 127,000 all-cause deaths
(MR 784 deaths per 100,000 men) were reported in men. In comparison with the expected
58,392 deaths (MR 361 per 100,000 men), the number of excess deaths during the same period
was 68,608 (117%), and the excess death rate was 424 deaths per 100,000 men. During the
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same period, a total of 85,240 (MR, 519 deaths per 100,000 women) all-cause deaths were
reported in women. In comparison with the expected 50,498 deaths (MR, 307 deaths per
100,000 women), the number of excess deaths during the same period was 34,742 (69%), and
the excess death rate was 211 deaths per 100,000 women.

The number of excess deaths increased with age and was higher in men aged 60—69
years (217%) compared with women (121%) (Figure 2A). The all-cause mortality rate in
relation to the expected death rate increased with age and was higher in individuals aged 80
years or more in both sexes (Figure 2B). In addition, the increase in the all-cause mortality rate
was more than twice as high in men compared with that in women.

ORs for excess death rates stratified by sex and age

In Figure 3, our meta-analysis shows a continuous age-dependent increase in the
number of excess deaths in men and women. Overall, men and women had 2.08 (95% CI, 1.59—
2.73) and 1.67 (95% CI, 1.41-1.96) times increased odds of excess mortality compared to the
expected mortality, respectively. Men in the 40-79 years age group had two times higher odds
of excess mortality. Men in the 60-69 years age group had a 3.23 (95% ClI, 3.15-3.31) times
increased odds of excess mortality, while women had a 2.23 (95% CI, 2.16-2.29) times
increased odds (Figure 3A,B).

Excess death and excess death rates by sex and regions

The excess all-cause death rate relative to the expected death rate varied between
regions. For men, the excess death rate varied from 34% in Cusco to 199% in Lima, while for
women, it varied from 7% in Tacna and 125% in Lima. The five regions with the highest excess
death rates in men were Lima (199%), Callao (143%), Piura (137%), Moquegua (129%), and
Arequipa (123%); the five regions with the highest excess deaths in women were Lima (125%),
Callao (94%), Paso (91%), Tumbes (83%), and Piura (78%) (Figure 4A). The highest excess
death rates in men (per 100,000 men) and women (per 100,000 women) occurred in Lima,
Callao, Moquegua, Arequipa, Ica, and Tumbes (Figure 4B).

ORs for excess death rates stratified by sex and regions

In Figure 5, our meta-analysis shows a continuous increase in the rate of excess deaths
in men and women. Men in Lima had 3.01 (95% CI, 2.96-3.06) times increased odds of excess
mortality. Men in Callao, Piura, Arequipa, Loreto, Tumbes, and Moquegua had two times
increased odds of excess mortality compared to the expected mortality (Figure SA), while only
in Lima did women have a 2.26 (95% CI, 2.21-2.30) times increased odds of excess mortality
compared to the expected mortality (Figure 5B).

Temporal distribution of excess deaths by sex and region

Figure 6 shows that the rates of excess deaths increased at the beginning of March and reached a
peak at the end of the months of May and August. Some regions showed staggering increases,
with rates of excess deaths reaching 500% in men in Loreto in week 18. The rates of excess
deaths decreased by week 52 (Figure 7).
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Discussion

During the COVID-19 pandemic. Peru experienced one of the highest excess all-cause
mortality rates in the world, along with Bulgaria, North Macedonia, and Serbia.!® Excess all-
cause mortality is recognized as a robust and comparable indicator of mortality associated with
the COVID-19 pandemic.?’ Some countries have reported that approximately two thirds of their
excess deaths were reported as COVID-19-related deaths.?! However, in countries such as Peru,
where the effects of the pandemic have exceeded the reporting systems for mortality related to
COVID-19, the measurement of excess mortality can help guide public health decisions and
actions.

According to our analysis, men in Peru had an excess mortality rate almost double that
of women. This differs from the data reported in most industrialized and high-income countries
where no great difference is evident. For example, the excess mortality in Peruvian men (117%)
was double that reported for England and Wales (63%), which, together with Spain, were the
countries that experienced the highest excess mortality in Europe;?*?? this is also higher than the
rate reported in other countries of the American continent, such as Mexico (51%) and Brazil
(61%).323 Excess mortality in men is likely related to the COVID-19 pandemic, as SARS-CoV-
2 has a greater transmissibility in men, which is due mainly to their social and cultural
behaviors. It has also been proposed that women have a better protective factor immune
response due to their higher number of B lymphocytes and the higher intensity of their
inflammatory response against viral diseases.?*2

Several previous studies have reported age specific excess deaths. In these studies, there
is a wide variability in the estimation of excess mortality by sex and age.®?%27 As in Peru, other
countries have also reported that excess in observed mortality in younger age groups was
similar to at or lower than expected levels.?¢ This due to the lower number of unintentional
injuries occurring due to COVID-19 containment measures, such as occupational or automobile
accidents, the latter being the main cause of years of life lost due to premature death.?®?° In our
study, the excess deaths (%) varied markedly in age groups 50-59, 60-69 and 70-79 years. The
rate of excess deaths also varied with aged, and was higher in men aged 60-69, 70-79 and >80
years, in contrast to other European countries as Belgium, the Czech Republic, Hungary,
Poland, and Scotland where the excess death rates were higher in men of 55-64 years.?¢ As in
Peru, In overall population in US the excess death in individuals of 65 or more years were
higher.?” In our study, the OR for excess mortality occurred in a wider range of age groups for
men (40-79 years old); this may be related to the high prevalence of chronic diseases in adult
men, which increases the likelihood of death due to COVID-19.3%3! Thus, a recent study showed
that as obesity prevalence increases, the COVID-19 mortality rates increase in the Peruvian
population >15 years.* These factors may have contributed to a higher estimated excess all-
cause deaths rate in men than women in the >60 year age in Peru.

Overall, the excess mortality seen in Peru had an asynchronous temporal and
geographical distribution. However, men were found to be twice as likely to die in more regions
than women were. Regions along the coast (Lima, Callao, Piura, Tumbes), in the Andes
(Arequipa, Moquegua), and in the Amazon (Loreto) have large cities with high levels of
commercial, migratory, and tourist exchange. In these regions with large cities, the rates of
excess deaths in men increased at the beginning of March and reached peak in the weeks 18 and
32, and then decreasing. This increase in all-cause deaths in these regions was temporal, and
concomitant with the first wave the COVID-19 pandemic in Peru. The temporal distribution
was similar in women (Figure 7A-B). In contrast, the regions of the Andes located at higher
altitudes had lower mortality rates. This has been related to the physiological adaptation of this
population to a hypoxic environment, which may have protected them from severe impacts of
the acute infection caused by SARS-CoV-2; in addition, these areas have a lower prevalence of

7
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diabetes, obesity, and hypertension.?* Therefore, the excess all-cause deaths are likely to be a
direct effect of the COVID-19 pandemic. These characteristics, together with the low
compliance with social distancing measures, the closure of economic activities during the
pandemic, the entry of new variants of SARS-CoV-2 with a greater transmissibility, the
difficulty of early diagnosis, the collapse of hospitals, and the shortage of medical oxygen could
explain the higher excess mortality in Peru.343° The changes in population (male and female)
behavior brought about by lockdown measures could also have had effects on excess deaths and
the mortality rate. Finally, during the country-wide lockdown implemented in Peru, access to
healthcare was limited and many medical procedures were delayed. Therefore, the effects of the
lockdown may be another explanation for the excess number of deaths and excess death rate.

Weaknesses of this study

Our study has several important limitations. First, although SINADEF is an official
database, there may have been delays in its registration due to a lack of notification of non-
hospital or manually registered deaths. Therefore, the number of excess all-cause deaths
registered might have been underestimated.

A second limitation is related to the selection of expected deaths, a study of excess
mortality during the pandemic carried out in 103 countries mentions that 20 of them, in which
Peru is located, have a death record of less than 90% according to the Demographic Yearbook
of the United Nations for 2019, although there was a trend in the increase in the coverage of
registered deaths according to data from 2012 (70%) to 2016 (80%), it is in 2017 that
improvements to the SINADEF of Peru, with the collaboration of international institutions and
that have allowed the increase in the use of death certificates online, and the improvement in the
quality of the information, through training, standardization and monitoring of civil registration
and vital statistics processes, shortening the gap between the coverage of registered and
estimated deaths.’® However, it is likely that an increase in the registration of deaths expected
during 2017-2019 is related to the coverage of deaths, therefore the use of an average calculated
in epidemiological weeks would be justified.

Third, the analyzes could limit its comparison with other studies, where excess mortality
uses complex models that apply periodic splines or Fourier harmonics to smooth and
homogenize possible fluctuations in expected deaths and standardize their measurements.>> We
using P-score, a standard measure, simple and easy to replicate in any context, similar to that
carried out in study others;®?” however, it was only possible to access three years as a baseline
for expected deaths in 2020 (based on the years 2017-2019). This method could also be easily
replicated in each region without losing the opportunity to analyze variables important;®
however, it was only possible to access three years as a baseline. Future analyzes of excess
deaths in 2021 could not include 2020 in the average expected deaths due to high death rates.

Strengths of this study

The main strength of our study is that the method developed allows the transparency
and reproducibility of the findings. The baseline for expected deaths made it possible to capture
the weekly variation of observed deaths and is self-consistent with that reported in more
complex methodologies.” The simplicity in the analysis of excess mortality allows improving
the opportunity to use the findings in epidemiological surveillance and their interpretation by
those responsible for the formulation of public policies and health authorities at different levels.

Implications for policymakers
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The findings add evidence to the understanding of excess mortality in Peru. Although
the initiation of vaccination against COVID-19, and the improvements in the capacity to
diagnose and care for critical patients, will reduce mortality, policymakers must evaluate future
measurements and interventions based on gender. On the other hand, coordination initiatives
between those responsible for epidemiological surveillance, vital event registration systems, and
diagnosis have contributed to obtaining more realistic numbers, but evaluating the
interoperability of computer and statistical systems is necessary for future measurements of
observed deaths and excess mortality. Finally, having up-to-date information provides
government and public health officials with adequate mechanisms to track the impact of the
pandemic.

Conclusion

Approximately one hundred thousand excess deaths occurred in men and women during the
COVID-19 pandemic in Peru. The age-stratified excess death rates were higher in men than in
women, and men between the ages of 40 and 79 years experienced twice the rate of excess
deaths compared with the rate expected. Strong excesses in geographical and temporal mortality
patterns by region were found in both men and women. These findings reveal the impact of the
COVID-19 pandemic on all-cause mortality up to the point where vaccination against SARS-
CoV-2 started to become available in Peru.
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Figure 1. The study flow chart of all-cause death excess with the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology)

Figure 2. Excess numbers of deaths (A) and excess death rates (B) in men and women in Peru
stratified by age.

Figure 3. ORs for excess death rates stratified by age in men (A) and women (B) in Peru.

Figure 4. Observed, expected, and excess death (A) and excess death rates (B) stratified by
region in men and women in Peru.

Figure 5. ORs for excess death rates according to region in men (A) and women (B) in Peru.
Figure 6. Temporal distribution of excess deaths (%) in men and women in Peru.

Figure 7. Temporal distribution of excess deaths according to region in men (A) and women
(B) in Peru.
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Figure 2. Excess numbers of deaths (A) and excess death rates (B) in men and women in Peru stratified by

Age group (years)

age.
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A. Man Observed Expected
Age group Deaths Pop. Deaths Pop. OR 95% CI Mortality Odds Ratio
0-29 years 7470 7928149 7547 7928149 0.99[0.96, 1.02]
30-39 years 4839 2551513 3109 2551513 1.56 [1.49 , 1.63] -
40-49 years 8985 2103095 3980 2103095 2.26[2.18 , 2.35] .
50-59 years 16573 1635504 5798 1635504 2.88[2.79,2.97] .
60-69 years 25581 1073928 8062 1073928 3.23[3.15,3.31] .
70-79 years 28737 616141 11509 616141 2.57[2.51, 2.63] .
280 years 34815 282565 18387 282565 2.02[1.98, 2.06] .
Total (95% Cl) 16190895 16190895 2.08 [1.59, 2.73] <o
Total events: 127000 58392
Heterogeneity: Tau® = 0.13; Chi* = 4096.08, df = 6 (P < 0.00001); I* = 100% 0.2 0j5 2 é
Test for overall effect: Z = 5.30 (P < 0.00001)
B. Women Observed Expected
Age group Deraths Pop. Deaths Pop. OR 95% CI Mortality Odds Ratio
0-29 years 5088 8065963 4997 8065963 1.02[0.98 , 1.06] "
30-39 years 2504 2479604 1632 2479604 1.53[1.44 ,1.63] -
40-49 years 4741 2080052 2760 2080052 1.72[1.64 , 1.80] -
50-59 years 8615 1641630 4355 1641630 1.98[1.91, 2.06] -
60-69 years 14549 1147313 6580 1147313 2.23[2.16,2.29] .
70-79 years 18145 655701 9856 655701 1.86[1.82,1.91] .
280 years 31598 364790 20318 364790 1.61[1.58, 1.64] .
Total (95% CI) 16435053 16435053 1.67 [1.41,1.96] ’
Total events: 85240 50498
Heterogeneity: Tau? = 0.05; Chi = 1156.62, df = 6 (P < 0.00001); |2 = 99% 02 05 5 :

Test for overall effect: Z = 6.08 (P < 0.00001)

Figure 3. ORs for excess death rates stratified by age in men (A) and women (B) in Peru.
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A. Men Observed Expected
Region Deaths Pop. Deaths Pop.
Amazonas 681 219801 477 219801
Ancash 5058 594832 2786 594832
Apurimac 1151 220370 805 220370
Arequipa 6897 735707 3088 735707
Ayacucho 1409 341951 903 341951
Cajamarca 2943 727265 1655 727265
Callao Province 5951 550046 2453 550046
Cusco 4317 686543 3212 686543
Huancavelica 1297 184121 937 184121
Huanuco 2240 384345 1545 384345
Ica 4651 488836 2226 488836
Junin 4888 678494 2968 678494
La Libertad 7433 1000002 4103 1000002
Lambayeque 3439 638228 1865 638228
Lima 51668 5119560 17273 5119560
Loreto 2769 531000 1250 531000
Madre de Dios 729 98215 379 98215
Moquegua ar7 102855 427 102855
Pasco 675 140252 340 140252
Piura 6921 1030975 2921 1030975
Puno 3988 611616 2761 611616
San Martin 2591 474458 1495 474458
Tacna 1086 188152 719 188152
Tumbes 1073 135675 511 135675
Ucayali 1852 307596 997 307596
Total (95% CI) 16190895 16190895
Total events: 126684 58096

Heterogeneity: Tau? = 0.09; Chi? = 3033.65, df = 24 (P < 0.00001); 1> = 99%
Test for overall effect: Z = 10.06 (P < 0.00001)

Figure 5A. ORs for excess death rates according to region in men in Peru
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1

2

3

4

5

6 B. Women Observed Expected

7 Region Deaths Pop. Deaths Pop. OR 95% CI Mortality Odds Ratio

8 Amazonas 438 207005 396 207005 1.11[0.97 , 1.27] .

9 Ancash 3519 585806 2517 585806 1.40[1.33, 1.47] -

10 Apurimac 1041 210366 724 210366 1.44[1.31,1.58] -

11 Arequipa 4633 761731 2665 761731 1.74[1.66 , 1.83] -
Ayacucho 1116 326262 882 326262 1.27 [1.16, 1.38] -

12 Cajamarca 2152 727265 1576 727265 1.37 [1.28 , 1.46] -

13 Callao Province a752 579808 1936 579808 1.94 [1.84 ,2.05] .
Cusco 3341 670532 2747 670532 1.22[1.16,1.28] .

14 Huancavelica 1129 181196 928 181196 122[1.12,1.33] -

15 Huanuco 1798 375922 1412 375922 1.27 [1.19,1.37] -

16 Ica 3114 486346 1992 486346 1.57 [1.48 , 1.66] .
Junin 3617 682973 2566 682973 1.41[1.34, 1.49] .

17 La Libertad 5181 1016769 3664 1016769 1.42[1.36 , 1.48] .

‘I 8 Lambayeque 1801 872557 1691 672557 1.07 [1.00, 1.14] .

19 Lima 33683 5508910 14986 5508910 2.26 [2.21,2.30] .
Loreto 1678 496559 947 496559 177 [1.64,1.92] -

20 Madre de Dios 349 75596 213 75596 1.64[1.38,1.95] -

21 Moquegua 552 89885 354 89885 156 [1.37 , 1.79] .
Pasco 539 131652 282 131652 1.92[1.66 ,2.21] —

22 Piura 4393 1016979 2463 1016979 1.791.70, 1.88] -

23 Puno 3028 626381 2521 626381 120 [1.14,1.27] .

24 San Martin 1621 425190 1124 425190 1.44 [1.34 , 1.56] -
Tacna 668 182822 626 182822 1.07 [0.96, 1.19] L

25 Tumbes 704 115846 384 115846 1.84 [1.62,2.08] =

26 Ucayali 1196 281514 726 281514 1.65[1.50 , 1.81] -

27 Total (95% Cl) 16435872 16435872 1.47 [1.33, 1.64] ¢

28 Total events: 85043 50322

29 Heterogeneity: Tau? = 0.07; Chiz = 1911 23, df = 24 (P < 0.00001); I = 99% 0’2 o's )

30 Test for overall effect: Z = 7.20 (P < 0.00001)

31 . . Lo .
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Abstract

Background. In this study, we estimated the excess all-cause deaths and excess death rates
during the COVID-19 pandemic in 25 Peruvian regions, stratified by sex and age groups.

Design. Cross-sectional study.
Setting. Twenty-five Peruvian regions with complete mortality data.

Participants. Annual all-cause official mortality data set from the Sistema Informatico
Nacional de Defunciones (SINADEF) at the Ministry of Health of Peru for 2017-20,
disaggregated by age and sex.

Main outcome measures. Excess deaths and the excess death rates (observed deaths vs.
expected deaths) in 2020 by sex and age (0-29, 30-39, 4049, 50-59, 60-69, 70-79 and >80
years) were estimated using P-score. The odds ratios (ORs) for excess mortality were
summarized with a random effects meta-analysis.

Results. In the period between January and December 2020, we estimated an excess of 68,608
(117%) deaths in men and 34,742 (69%) deaths in women, corresponding to an excess death
rate of 424 per 100,000 men and 211 per 100,000 women compared to the expected mortality
rates. The number of excess deaths increased with age and was higher in men aged 60—69 years
(217%) compared with women (121%). Men between the ages of 40 and 79 years experienced
twice the rate of excess deaths compared with the expected rate. In eight regions, excess deaths
were higher than 100% in men, and in seven regions excess deaths were higher than 70% in
women. Men in eight regions and women in one region had two times increased odds of excess
death than the expected mortality. There were differences in excess mortality according to the
temporal distribution by epidemiological week.

Conclusion. Approximately one hundred thousand excess all-cause deaths occurred in 2020 in
Peru. The age-stratified excess death rates were higher in men than in women. There were
strong excesses in geographical and temporal mortality patterns according to region.

Keywords: excess mortality; sex; mortality rate; COVID-19; Peru
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Strengths and limitations of this study

The main strength of our study was the large number of deaths included (302,177 in
men and 236,733 in women) for estimating the excess all-cause deaths.

Although our analysis was based in proportion of mortality count excess (%) and the
excess death rates (per 100,000 inhabitants), our estimates of excess all-cause deaths are
similar to estimates of modeled studies.

The simplicity in the analysis of excess mortality offers an opportunity to use the
findings in epidemiological surveillance and their interpretation by those responsible for
the formulation of public policies and health authorities at different levels.

Although SINADEF is an official database, there may have been delays in its
registration due to a lack of notification of non-hospital or manually registered deaths.
We present the results of a descriptive analysis and so we are not able to comment on
causality in excess deaths.
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Introduction

Following the outbreak of COVID-19 in China in 2019, SARS-CoV-2 spread rapidly
worldwide.! During the weeks that followed, there was a rapid increase in the incidence and
mortality rates of COVID-19 in European countries, the USA, and Latin American countries.?
Previous studies on excess deaths (the gap between observed and expected deaths) during the
COVID-19 pandemic found that COVID-19-related deaths and deaths from other diseases
increased along with age and were higher in men 60 years of age and older compared with
women.>"'® More recently, an assessment of the direct and indirect effects of the COVID-19
pandemic on mortality has revealed that approximately one million excess deaths occurred in
2020 in 29 high-income countries. Additionally, these excess death rates were higher in men
than in women in almost all countries.!!

Peru is one of the countries that has been the most affected by the COVID-19 pandemic.
The first cases in Peru were reported in March 2020. In the weeks that followed, rapidly
increasing numbers of cases and fatalities were observed across many Peruvian regions. By the
end of December 2020, about 1 million confirmed COVID-19 cases and more than 90,000
deaths had been officially reported.'? In Peru, data on excess all-cause deaths have been
reported, but analyses have not accounted for age and sex standardization. From 29 March 2020
(week 14), a significant rate of excess deaths in comparison with the expected deaths based on
the figures from 2017 to 2019 have been observed at the national level, with this rate reaching
the highest level in week 32 and then decreasing.!® This increase in all-cause deaths is
concomitant with the COVID-19 pandemic, as it has previously been shown that COVID-19
mortality rates increase with age and are high in men aged 60 years and over.'4!> Despite these
findings, to date the excess mortality stratified by sex, age, and region is not known at a national
level. The assessment of the impact of the COVID-19 pandemic on mortality in Peru should
include the analysis of both the direct effect of the pandemic on deaths caused by COVID-19
and the indirect effect of the pandemic on deaths unrelated to COVID-19, since patients with
chronic conditions may have been turned away from the health care system because of concerns
relating to COVID-19 infection and social and economic changes.

In this study, we estimated the excess all-cause deaths and the excess death rate during
the first year of the COVID-19 pandemic in 25 Peruvian regions, stratified by sex, age, group,
and epidemiological week.

Methods
Study design

We performed a cross-sectional study following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guidelines.!¢ This study was a time
series analysis of annual data on all-cause mortality obtained from 25 Peruvian regions and
contained official, valid, and complete mortality data between 2017 and 2020, disaggregated by
age and sex. The Peruvian regions are first-level administrative divisions of the country.

Data collection

We used weekly death data extracted from the National Information Technology
System for Death Records (in Spanish, 'Sistema Informatico Nacional de Defunciones'
(SINADEF)) at the Ministry of Health of Peru.!” The source data (SINADEF) are in Spanish.
We used death registers for 25 Peruvian regions from 1st of January through to the 31st of
December (1-52 epidemiological weeks) and the preceding 3 years (2017-2019). SINADEF is
a computer application. It registers data on deaths, generates death certificates, and creates a
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statistical report; it includes fetal deaths and the deaths of unidentified persons.!” Open access
data includes information stratified by age/sex, the basic cause of death by the International
Classification of Diseases 10th Revision (ICD-10), the year, and the geographic distribution.
Other information is not available on SINADEF. Information on all-cause deaths where the
underlying cause was known was available, with information on region, age group (0-29, 30—
39, 4049, 50-59, 60—69, 70-79, and 80 and over), and sex included. Records where the place
of residence, age, sex, or year were missing were excluded.

Patient and public involvement

We used publicly available death statistics; therefore, there was no direct patient or
public involvement.

Ethics statements

This study does not involve human participants. Weekly death data were obtained from
SINADEF. On SINADEF, all open access data are fully anonymous and are published as part of
routine surveillance (https://www.datosabiertos.gob.pe/dataset/informaci%C3%B3n-de-
fallecidos-del-sistema-inform%C3%A 1tico-nacional-de-defunciones-sinadef-ministerio).
Therefore, this study was exempt from review by an ethics board.

Statistical analysis

We estimated the excess deaths and the excess death rates (per 100,000 inhabitants)
according to sex and age, as well as in each region by sex. Expected deaths in 2020 were
obtained from the average number of deaths over the years 2017-2019. The weekly average
number of deaths by sex and age in the three years preceding the pandemic was the expected
number of deaths. Observed deaths in 2020 were the deaths reported from 1st of January
through to the 31st of December. Excess all-cause deaths during the pandemic period were
estimated as the difference between observed deaths and expected deaths in 2020. To make
comparisons with other countries, we measured excess proportional mortality (proportion of
mortality count excess; weekly or monthly deaths in 2020) as the percentage difference between
the observed and expected number of deaths ((observed deaths—expected deaths)/expected
deaths*100%).® by sex, age, region, and epidemiological week. Mortality rates (MR) per
100,000 inhabitants for both sexes were also calculated by dividing the number of deaths per
region, standardized by the estimated population of each region. We calculated the expected
MR for the year 2020 and the MR observed in 2020 for both sexes according to age and region
(per 100,000 inhabitants). The excess death rate was calculated using the difference between the
MR observed in 2020 and the MR expected in 2020 (per 100,000 inhabitants). Population
counts used for calculating the mortality rates were obtained from projections from Peru’s
National Institute of Statistics and Informatic (INEI, in Spanish).!® In addition, odds ratios
(ORs) with 95% confidence intervals (CIs) for observed mortality vs. expected mortality
according to sex were estimated separately for each age stratum and region. These results were
summarized in a random-effects meta-analysis with individual reports weighted using the
weights indicated. The Mantel-Haenszel method was used to calculate the random effects
estimates. P<0.05 was considered statistically significant. The meta-analysis was performed in
RevMan 5, Cochrane.

Results

From the 1st of January through to the 31st of December 2020, a total of 553,348 all-
cause deaths occurred in Peru. Of these deaths, we included a total of 302,177 and 236,733
deaths in men and women, respectively (Figure 1).

Excess death and excess death rates by sex and age
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Between January 1 2020 and December 31 2020, a total of 127,000 all-cause deaths
(MR 784 deaths per 100,000 men) were reported in men. In comparison with the expected
58,392 deaths (MR 361 per 100,000 men), the number of excess deaths during the same period
was 68,608 (117%), and the excess death rate was 424 deaths per 100,000 men. During the
same period, a total of 85,240 (MR 519 deaths per 100,000 women) all-cause deaths were
reported in women. In comparison with the expected 50,498 deaths (MR 307 deaths per 100,000
women), the number of excess deaths during the same period was 34,742 (69%), and the excess
death rate was 211 deaths per 100,000 women.

The number of excess deaths increased with age and was higher in men aged 60—69
years (217%) compared with women (121%) (Figure 2A). The all-cause mortality rate in
relation to the expected death rate increased with age and was higher in individuals aged 80
years or over in both sexes (Figure 2B). In addition, the increase in the all-cause mortality rate
was more than twice as high in men compared with that in women.

ORs for excess death rates stratified by sex and age

In Figure 3, our meta-analysis shows a continuous age-dependent increase in the
number of excess deaths in men and women. Overall, men and women had 2.08 (95% CI, 1.59—
2.73) and 1.67 (95% CI, 1.41-1.96) times increased odds of excess mortality compared to the
expected mortality, respectively. Men in the 40-79 years age group had two times higher odds
of excess mortality. Men in the 60-69 years age group had 3.23 (95% CI, 3.15-3.31) times
increased odds of excess mortality, while women had 2.23 (95% CI, 2.16-2.29) times increased
odds (Figures 3A, B).

Excess death and excess death rates by sex and regions

The excess all-cause death rate relative to the expected death rate varied between
regions. For men, the excess death rate varied from 34% in Cusco to 199% in Lima, while for
women it varied from 7% in Tacna and 125% in Lima. The five regions with the highest excess
death rates in men were Lima (199%), Callao (143%), Piura (137%), Moquegua (129%), and
Arequipa (123%); the five regions with the highest excess deaths in women were Lima (125%),
Callao (94%), Paso (91%), Tumbes (83%), and Piura (78%) (Figure 4A). The highest excess
death rates in men (per 100,000 men) and women (per 100,000 women) occurred in Lima,
Callao, Moquegua, Arequipa, Ica, and Tumbes (Figure 4B).

ORs for excess death rates stratified by sex and regions

In Figure 5, our meta-analysis shows a continuous increase in the rate of excess deaths
in men and women. Men in Lima had 3.01 (95% CI, 2.96-3.06) times increased odds of excess
mortality. Men in Callao, Piura, Arequipa, Loreto, Tumbes, and Moquegua had two times
increased odds of excess mortality compared to the expected mortality (Figure 5A), while only
in Lima did women have 2.26 (95% CI, 2.21-2.30) times increased odds of excess mortality
compared to the expected mortality (Figure SB).

Temporal distribution of excess deaths by sex and region
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Figure 6 shows that the rate of excess deaths increased at the beginning of March and
reached a peak at the end of the months of May and August. There were different peaks among
different regions. Some regions showed staggering increases, with rates of excess deaths
reaching 500% in men in Loreto in week 18. The rate of excess deaths decreased by week 52
(Figure 7).

Discussion

Main findings

During the COVID-19 pandemic, Peru experienced one of the highest excess all-cause
mortality rates in the world, along with Bulgaria, North Macedonia, and Serbia.!® Excess all-
cause mortality is recognized as a robust and comparable indicator of mortality associated with
the COVID-19 pandemic.?’ Some countries have reported that approximately two thirds of their
excess deaths were reported as COVID-19-related deaths.?! However, in countries such as Peru,
where the effects of the pandemic have exceeded the reporting systems for mortality related to
COVID-19, the measurement of excess mortality can help guide public health decisions and
actions.

Potential explanations and implications

According to our analysis, men in Peru had an excess mortality rate almost double that
of women. This differs from the data reported in most industrialized and high-income countries,
where no great difference is evident. For example, the excess mortality in Peruvian men (117%)
was double that reported for England and Wales (63%), which, together with Spain, were the
countries that experienced the highest excess mortality in Europe;2%?? this is also higher than the
rate reported in other countries of the American continent, such as Mexico (51%) and Brazil
(61%).823 Excess mortality in men is likely related to the COVID-19 pandemic, as SARS-CoV-
2 has a greater transmissibility in men, which is mainly due to their social and cultural
behaviors. It has also been proposed that women have a better protective factor immune
response due to their higher number of B lymphocytes and the higher intensity of their
inflammatory response against viral diseases.?*?> Because COVID-19 is a new infectious
disease, the development and viability of memory T cells in men and women are still unknown,
especially in the face of viral mutation. Therefore, further studies could define the sex-
differential role of T cells in acute disease. Sex differences in immunopathogenesis could
inform mechanisms of COVID-19, and identify points for treatment and increase vaccine
efficacy to target parts of the virus that are less likely to mutate, supported by genome
analysis.?6-7

Several previous studies have reported age specific excess deaths. In these studies, there
is a wide variability in the estimation of excess mortality by sex and age.®?%2° As in Peru, other
countries have also reported that excess in observed mortality amongst younger age groups was
similar to or lower than expected levels.?® This is due to the lower number of unintentional
injuries occurring due to COVID-19 containment measures, such as occupational or automobile
accidents, the latter being the main cause of years of life lost due to premature death.3%3! In our
study, the excess deaths (%) varied markedly in the age groups of 50-59, 6069, and 70-79
years. The rate of excess deaths also varied with age, and was higher in men aged 60-69, 7079,
and >80 years, in contrast to other European countries such as Belgium, the Czech Republic,
Hungary, Poland, and Scotland, where the excess death rates were higher in men of 55-64
years.”® As in Peru, in the overall US population the excess deaths in individuals of 65 years and
over were higher.?’ In our study, the ORs for excess mortality occurred in a wider range of age
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groups for men (40-79 years old); this may be related to the high prevalence of chronic diseases
in adult men, which increases the likelihood of death due to COVID-19.3233 Thus, a recent study
showed that as obesity prevalence increases, the COVID-19 mortality rates increase in the
Peruvian population >15 years.>* These factors may have contributed to a higher estimated
excess all-cause deaths rate in men than women in the >60 year age group in Peru.

Overall, there were different peaks among different regions of excess mortality.
However, men were found to be twice as likely to die in more regions than women. Regions
along the coast (Lima, Callao, Piura, and Tumbes), in the Andes (Arequipa and Moquegua), and
in the Amazon (Loreto) have large cities with high levels of commercial, migratory, and tourist
exchange. In these regions with large cities, the rates of excess death in men increased at the
beginning of March, reached a peak in weeks 18 and 32, and then decreased. This increase in
all-cause deaths in these regions was temporal, and concomitant with the first wave of the
COVID-19 pandemic in Peru. The temporal distribution was similar in women (Figures 7A, B).
In contrast, the regions of the Andes located at higher altitudes had lower mortality rates. This
has been related to the physiological adaptation of this population to a hypoxic environment,
which may have protected them from severe impacts of the acute infection caused by SARS-
CoV-2; in addition, these areas have a lower prevalence of diabetes, obesity, and hypertension.?
Therefore, the excess all-cause deaths are likely to be a direct effect of the COVID-19
pandemic. These characteristics, together with low compliance with social distancing measures,
the closure of economic activities during the pandemic, the introduction of new variants of
SARS-CoV-2 with greater transmissibility, the difficulty of early diagnosis, the collapse of
hospitals, and the shortage of medical oxygen could explain the higher excess mortality in
Peru.?637 The changes in population (male and female) behavior brought about by lockdown
measures could also have had effects on excess deaths and the mortality rate. Finally, during the
country-wide lockdown implemented in Peru, access to medical and surgical care was limited
and interrupted across primary and secondary prevention programs. Further studies could
evaluate the indirect effects of confinement and excess deaths and mortality by disaggregating
data by chronic or acute diseases.

Weaknesses of this study

Our study has several important limitations. First, although SINADEF is an official
database, there may have been delays in its registration due to a lack of notification of non-
hospital or manually registered deaths. Therefore, the number of registered excess all-cause
deaths might have been underestimated.

A second limitation is related to the selection of expected deaths; a study of excess
mortality during the pandemic carried out in 103 countries mentions that 20 of them, in which
Peru is located, have a death record of less than 90% according to the Demographic Yearbook
of the United Nations for 2019, although there was an increasing trend in the coverage of
registered deaths according to data from 2012 (70%) to 2016 (80%). In 2017, improvements to
the SINADEF of Peru—with the collaboration of international institutions that allowed the
increase in the use of death certificates online and the improvement in the quality of information
through training, standardization, and monitoring of civil registration and vital statistics
processes—shortened the gap between coverage of registered and estimated deaths.’® However,
it is likely that an increase in the registration of deaths expected during 2017-2019 is related to
coverage of deaths; therefore, the use of an average calculated in epidemiological weeks would
be justified.

Third, the analysis could limit its comparison with other studies, where excess mortality
uses complex models that apply periodic splines or Fourier harmonics to smooth and
homogenize possible fluctuations in expected deaths and standardize their measurements.’* We
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used the proportion of mortality count excess and a standard measure (P-score), which is simple
and easy to replicate in any context and similar to that carried out in other studies.®?° Moreover,
while other studies estimated the expected deaths as the average number of deaths between
2015-2019, we only used the three years preceding the pandemic (2017-2019). This method
could also be easily replicated in each region without losing the opportunity to analyze
important variables;® however, it was only possible to access three years as a baseline. Future
analysis of excess deaths in 2021 could not include 2020 in the average expected deaths due to
high death rates.

Strengths of this study

The main strength of our study is that the developed method allows for transparency and
reproducibility of the findings. The baseline for expected deaths made it possible to capture the
weekly variation of observed deaths and is self-consistent with that reported in more complex
methodologies.?® The simplicity in the analysis of excess mortality allows for the opportunity to
use the findings in epidemiological surveillance and their interpretation by those responsible for
the formulation of public policies and health authorities at different levels.

Implications for policymakers

The findings add to the body of evidence about our understanding of excess mortality in
Peru. Although the initiation of vaccinations against COVID-19 and improvements in the
capacity to diagnose and care for critical patients will reduce mortality, policymakers must
evaluate future measures and interventions based on gender. On the other hand, coordination
initiatives between those responsible for epidemiological surveillance, vital event registration
systems, and diagnosis have contributed to obtaining more realistic numbers, but evaluating the
interoperability of computer and statistical systems is necessary for future measurements of
observed deaths and excess mortality. Finally, having up-to-date information provides
government and public health officials with adequate mechanisms to track the impact of the
pandemic.

Conclusion

Approximately one hundred thousand excess deaths occurred in men and women during the
COVID-19 pandemic in Peru. The age-stratified excess death rates were higher in men than in
women, and men between the ages of 40 and 79 years experienced twice the rate of excess
deaths compared with the rate expected. Strong excesses in geographical and temporal mortality
patterns by region were found in both men and women. These findings reveal the impact of the
COVID-19 pandemic on all-cause mortality up to the point where vaccination against SARS-
CoV-2 started to become available in Peru.
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Figure 1. The study flow chart of all-cause death excess using the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) reporting guidelines.

Figure 2. Excess numbers of (A) deaths and (B) excess death rates in men and women in Peru
stratified by age.

Figure 3. ORs for excess death rates stratified by (A) age in men and (B) women in Peru. ORs
with 95% confidence intervals (Cls) estimated by age and sex for observed mortality in 2020 vs.
expected mortality in 2020 (average number of deaths over the years 2017-2019).

Figure 4. (A) Observed, expected, and excess death and (B) excess death rates stratified by
region in men and women in Peru.

Figure 5. ORs for excess death rates according to region in (A) men and (B) women in Peru.
ORs with 95% confidence intervals (Cls) estimated by region and sex for observed mortality in
2020 vs. expected mortality in 2020 (average number of deaths over the years 2017-2019).

Figure 6. Temporal distribution of excess deaths (%) in men and women in Peru.
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Figure 7. Temporal distribution of excess deaths according to region in (A) men and (B)
women in Peru.
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Huanuco - 1.45[1.36 , 1.59] Huanuco - 1.27 [1.19, 1.37]
Ica - 2.10[2.00, 2.21] Ica - 1.57 [1.48 , 1.60]
Junin - 1.65 [1.58 , 1.73] Junin - 1.41 [1.34 , 1.49]
La Libertad . 1.82 [1.75, 1.89] La Libertad - 1.42 [1.36 , 1.48]
Lambayeque - 1.85 [1.75, 1.906] Lambayeque 1.07 [1.00, 1.14]
Lima 3.01 [2.96 , 3.006] Lima 2.26 [2.21 , 2.30]
Loreto - 2.22 [2.08 , 2.38] Loreto - 1.77 [1.64 , 1.92]
Madre de Dios —— 1.93 [1.70 , 2.19] Madre de Dios —— 1.604 [1.38 , 1.99]
Moquegua . 2.30 [2.05 , 2.58] Moquegua - 1.56 [1.37 , 1.79]
Pasco . 1.99[1.75, 2.27] Pasco . 1.92 [1.66 , 2.21]
Piura - 2.38 [2.28 , 2.48] Piura - 1.79[1.70 , 1.88]
Puno - 1.45[1.38 , 1.92] Puno = 1.20[1.14 |, 1.27]
San Martin - 1.74 [1.63 , 1.85] San Martin - 1.44 [1.34 , 1.50]
Tacna - 1.91 [1.38, 1.60] Tacna 1.07 [0.96, 1.19]
Tumbes - 2.11[1.90 , 2.34] Tumbes . 1.84 [1.62 , 2.08]
Ucayal - 1.86 [1.72 , 2.01] Ucayall - 1.65[1.50, 1.81]

Total (95% CI)

1.83 [1.63 , 2.06] Total (95% CI)

1.47 [1.33 , 1.64)

¢

0.2 0.5 1 2 5 0.2 0.5 1 2 5

Heterogeneity: Tau? = 0.09; Chi* = 3033.65, df = 24 (P < 0.00001); I = 99% Heterogeneity: Tau? = 0.07; Chi# = 1911.23, df = 24 (P < 0.00001); I = 99%
Test for overall effect. 2= 10.06 (P < 0.00001) ~_Test for overall effect: Z=7.20 (P <0.00001)
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Figure 6. Temporal distribution of excess deaths (%) in men and women in Peru.
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term | 1
in the title or the abstract
(b) Provide in the abstract an informative and balanced 2
summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the 4
investigation being reported
Objectives 3 State specific objectives, including any prespecified 4
hypotheses
Methods
Study design 4 Present key elements of study design early in the paper 4
Setting 5 Describe the setting, locations, and relevant dates, 5
including periods of recruitment, exposure, follow-up, and
data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the Fig. 1
sources and methods of selection of participants. Describe
methods of follow-up
Case-control study—Give the eligibility criteria, and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls
Cross-sectional study—Give the eligibility criteria, and the
sources and methods of selection of participants
(b) Cohort study—For matched studies, give matching NA
criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching
criteria and the number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, 5
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and 5
measurement details of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than
one group
Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 5
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Quantitative variables

11

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were
chosen and why

Statistical methods

Continued on next page

12

(a) Describe all statistical methods, including those used to
control for confounding

(b) Describe any methods used to examine subgroups and
interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-
up was addressed

Case-control study—If applicable, explain how matching of
cases and controls was addressed

Cross-sectional study—If applicable, describe analytical
methods taking account of sampling strategy

NA

(e) Describe any sensitivity analyses
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Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg 5
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 5
(c) Consider use of a flow diagram 5
Descriptive 14* (a) Give characteristics of study participants (eg demographic, 5
data clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each 5
variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total NA
amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary NA
measures over time
Case-control study—Report numbers in each exposure category, or NA
summary measures of exposure
Cross-sectional study—Report numbers of outcome events or NA
summary measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted | 6
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were 6
categorized
(c) If relevant, consider translating estimates of relative risk into 6
absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and 6
interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 7
Limitations 19 Discuss limitations of the study, taking into account sources of 7
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 8-9
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 8-9

Other information
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Funding 22  Give the source of funding and the role of the funders for the present | 9
study and, if applicable, for the original study on which the present
article is based
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*Give information separately for cases and controls in case-control studies and, if applicable, for exposed

10 and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in

15 conjunction with this article (freely available on the Web sites of PLoS Medicine at

16 http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology
at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-

19 statement.org.
20 NA: Not available
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